The aim of this study was to characterize gastric myoelectrical activity in patients with recurrent gastric ulcer (GU) or duodenal ulcer (DU), and to compare gastric motility between these two groups of patients. Studies were performed in 59 patients with recurrent active peptic-ulcer disease as diagnosed by gastrointestinal endoscopy: 31 patients had a GU and 28 patients had a DU. Gastric myoelectrical activity was evaluated by cutaneous electr-ogastrography (EGG). The following EGG parameters were assessed: the percentage of normogastria (regular 2.4-3.6 cpm slow waves); the EGG power ratio; and the occurrence of a postprandial dip (PD), which is the transient decrease in EGG frequency after a meal. In the GU group, no significant change occurred in the percentage of normogastria or in the EGG power ratio observed after treatment with a proton-pump inhibitor. During the healed stage, the occurrence of PD remained unchanged. In contrast, in the DU group, the percentage of normogastria and the EGG power ratio were significantly increased after treatment. Moreover, during the healed stage, the occurrence of PD significantly increased compared with that during the active stage. These findings suggest that abnormal gastric myoelectrical activity plays an important role in the pathophysiology of recurrent GU rather than DU.
Introduction
The pathogenesis of the onset of peptic ulcers and their characteristic recurrence has been extensively investigated, but the underlying mechanisms are not yet clearly understood. Various factors contributing to the onset and recurrence of peptic ulcers have been proposed, and recently gastrointestinal motility has been attracting attention as a new contributory factor. However, the results of previous studies which have assessed gastric motility in peptic ulcers
Correspondence to: T. Kamiya, Department of Internal Medicine and Pathophysiology, Nagoya City University Graduate School of Medical Science, 1-Kawasumi, Mizuho-cho, Mizuho-ku, Nagoya 467-8601, Japan Phone: +81-52-853-8221 Fax: +81-52-852-3796 e-mail: kamitake@med.nagoya-cu.ac.jp are conflicting, and the role played by gastric motility in these diseases is still unclear. As recently reported, increases in duodenogastric reflux are associated with gastric ulcer (GU) (Mirada et al., 1985; Fujimura et al., 1994) and antral hypomotility has been shown in either GU or duodenal ulcer (DU) patients (Garrett et al., 1966; Stanghellini et al., 1992) . Gastric emptying has been reported to be delayed in GU patients (Fujimura et al., 1994; Harasawa et al., 1979; Kamiya et al., 1998) , whereas in studies involving DU patient it was accelerated (Harasawa et al., 1979; Maddern et al., 1985; Konturek et al., 1994) , particularly after a liquid meal, and in others it was delayed (Kerrigan et al., 1991) or unchanged (Heading et al., 1976; Howlett et al., 1976; Malagelada et al., 1977) . In most studies, gastric motility was measured during the active stage in both types of ulcers. No direct comparative evaluation of gastric motility between GU and DU patients has been published. Furthermore, there have been few comparisons of gastric motility between the active and healed stages for both types of ulcers. In the present study, we measured gastric myoelectrical activity in patients with recurrent GU or DU to characterize gastric motility, and then compared the motility patterns in the active stage with those in the healed stage.
Methods

Subjects
Studies were performed in 59 patients with recurrent active peptic-ulcer disease as diagnosed by upper gastrointestinal endoscopy and from their detailed histories. All patients had a past history of treatment for two or more peptic ulcers. Thirty-one patients (19 males, 12 females) had GU and 28 patients (19 males, 9 females) had DU. Patients were excluded from this study if they had a known history of cardiovascular disorder, diabetes, collagen disease or any other condition that may result in gastric dysmotility. Patients who had also undergone previous surgery involving the upper gastrointestinal tract were also excluded. None of the patients had previously received therapy for eradication of Helicobacter pylori. Written informed consent was obtained from all patients. In all patients, gastric myoelectical activity was measured during the active stage before treatment, and again after 8 weeks of oral treatment with a proton-pump inhibitor (lansoprazole 30 mg/day or omeprazole 20 mg/day).
Experimental procedure
Gastric myoelectrical activity was assessed by cutaneous-recorded electro-gastrography (EGG). After fasting for at least 4 hours, the EGG was recorded for 30 min in the supine position. The subjects then sat up and ingested 200 ml of a semi-liquid test meal (containing 9.8 g protein, 5.8 g fat, 28.6 g carbohydrate, and an energy content of 200 kcal; Okunos-A, Okuno, Tokyo, Japan). Following the intake, the subjects immediately returned to the supine position and the EGG was recorded for a further 30 min. The EGG was recorded using bipolar Ag-AgCl electrodes placed on the right and left midclavicular lines along the long axis of the stomach over the surface of the upper abdomen. The EGG signals were low-pass filtered with a cut-off frequency of 0.1 Hz, and recorded on an FM data recorder (MR-30, TEAC,Tokyo, Japan). The data obtained were sampled at 1 kHz using an analog-to-digital converter (ADX-98E, Canopus Electronics, Kobe, Japan). The following parameters were obtained from the EGG using autoregressive power spectral analyses and evaluated for each subject. 1. EGG dominant frequency: the frequency at which the power was highest within the range of 0.02-0.08 Hz (1.2-6.4 cpm) for an entire EGG recording. It has been suggested that the dominant frequency of the EGG reflects the frequency of gastric slow waves (Familoni et al., 1991; Chen et al., 1994a, b) . 2. Percentage of normogastria: defined as the percentage of time during which normal 0.04-0.06 Hz (2.4-3.6 cpm) slow waves were present over the entire observation period. This parameter reflects the regularity of gastric myoelectrical activity. An EGG frequency higher than 0.06 Hz (3.6 cpm) was defined as tachygastria and one slower than 0.04 Hz (2.4 cpm) was defined as bradygastria. 3. EGG Power ratio: defined as the ratio of postprandial to fasting EGG dominant power values (i.e., postprandial power/fasting power), where the dominant power refers to the power at the EGG dominant frequency. It is suggested that changes in the EGG dominant power reflect gastric contractility (Smout et al., 1980; Hamilton et al., 1986; Chen et al., 1994a, b) . 4. Postprandial dip (PD): a transient frequency decrease that is usually seen in the EGG in normal subjects immediately after food intake (Geldof et al., 1986a, b; Kaneko et al., 1995) . In this study it was determined by visual inspection.
Statistical analysis
Values of EGG parameters are expressed as the mean ± SD for each group. Intra group changes were analyzed using paired t-tests. Inter group comparisons were performed using unpaired t-tests. The occurrence of a PD was assessed using a chi-squared test, except where there were fewer than ten data points when a Yates chi-squared test was used. A probability value of P<0.05 was considered to be statistically significant. Table 1 shows the clinical characteristics of all patients. The patients in the GU group (19 males and 12 females, 20-61 years old) had one to five ulcers each. H. pylori infection was diagnosed by microscopy, culture, and rapid urease testing of specimens biopsied during endoscopy. When any of the tests were positive, the patient was diagnosed as H. pylori positive. Twenty-six patients were positive and five were negative, and two of the latter were being treated with an oral nonsteroidal anti-inflammatory drug (NSAID). The patients in the DU group (19 males and 9 females, 18-59 years old) had one to three ulcers each. Twenty-five of these patients were positive for H. pylori and three were negative, and one of the latter was being treated with an oral NSAID. All patients in both groups had experienced two or more recurrences of ulcers.
Results
Background factors
Electro-gastrography
Endoscopic examination following 8 weeks of oral medication revealed that the ulcers were in the healed stage in all 59 patients in both groups. In the GU group, the percentage of normogastria and dysrhythmia in the EGG frequency remained almost unchanged between the active stage and the healed stage in both fasting and postprandial states ( Table 2 , Fig. 1, Fig. 2) . No significant changes were observed in the EGG power ratio after treatment (Fig. 3) . In the DU group, the percentage of normogastria and the power ratio of the EGG were significantly increased after treatment (Table 3) . During the healed stage, the EGG power ratios in the DU group were significantly higher than in the GU group. During the active stage, a PD was observed in nine GU patients and seven DU patients. During the healed stage, a PD was observed in 13 GU patients, with no significant change observed after treatment. In contrast, in the DU group, the number of patients exhibiting PD increased significantly to 18 after treatment (Fig. 4) .
Discussion
Disturbed gastric myoelectrical activity was detected in this study using EGG in patients with recurrent GU and DU and this activity was different in these two groups of patients. EGG is a method of recording gastric myoelectrical activity from abdominal surface electrodes (Alvarz, 1922; Geldof et al., 1986a, b; Hamilton et al., 1986) . Recent advances in recording devices have led to the wide acceptance of EGG as a simple, non-invasive method for investigating gastric motility. It has been suggested that EGG provides an accurate measurement of gastric slow waves, and that an increase in the EGG power reflects contractionrelated spike potentials (Smout et al., 1980; Hamilton et al., 1986) . Abnormal gastric myoelectrical activity detected by EGG has been described in patients with non-ulcer dyspepsia (Geldof et al., 1986a, b; Miyaji et al., 1999; Chou et al., 2001) , anorexia nervosa (Abell et al., 1987) , and diabetes gastropathy (Koch et al., 1989) . Various electrical abnormalities have been detected, such as abnormal high (tachygastria) or low (bradygastria) slow-wave frequency, and a smaller postprandial increase in EGG power. Although the correlation between the waveform in the EGG and actual gastric contraction requires further investigation, we suggest that EGG abnormalities indicate abnormal or reduced gastric contraction and a disturbance in gastric motility. The findings of the present study suggest that the abnormalities of gastric myoelectrical activity in GU are not only result from the GU itself, but are also a factor in their onset and recurrence. In the GU group, no significant improvement in the percentage of normogastria and in the EGG power ratio was observed during the healed stage compared with those during the active stage. The occurrence of PD, which has been reported to be detectable in the EGG of normal subjects, was almost unchanged after treatment. These results suggest that disturbed gastric myoelectrical activity-which is present even during the healed stage-is one component that is responsible for the recurrence of GU. Geldof et al. (1989) using EGG reported that abnormal gastric myoelectrical activity was found in patients with an active GU, and this disappeared with ulcer healing. This contrasts with the findings of the present study, which may be due to differences in the patients' backgrounds (e.g., ulcer location, and whether it was recurrent).
In the DU group, the percentage of normogastria, the EGG power ratio, and the occurrence of PD were significantly increased during the healed stage compared with those observed during the active stage. These results indicate that the gastric myoelectrical activity was significantly improved after the treatment. Kerriga et al. (1991) reported that patients with active and healed DU have disturbed gastroduodenal motility and that patients with healed DU show significantly retarded gastric emptying compared with active DU and controls. They suggested that disturbed coordinated gastroduodenal motility may promote ulcer relapse by impairing acid clearance in the duodenal bulbus. Once the ulcer heals, motility remains disturbed in a small fraction of the DU patients. Apparently, in some patients the DU is primary, whereas in others the dysmotility is primary. The results from the present study suggest that abnormal gastric myoelectrical activity plays an important role in the pathophysiology of recurrent GU, but not DU. In the GU group, gastric myoelectrical activity was not improved during the healed stage, whereas it did improve significantly in the DU group. Furthermore, during the healed stage, the percentage of normogastria, the power ratio and the occurrence of PD were significantly lower in the GU group than in the DU group. It has been reported previously that a postprandial increase in the EGG power seems to be related to an increase in the gastric contraction and accelerated gastric emptying. Because the retention of gastric contents may stimulate gastric acid secretion, the disturbed gastric motility after food intake is suggested to be a factor in GU recurrence.
A correlation between H. pylori infection and the onset and recurrence of peptic ulcers was reported recently. In the present study, 26 of 31 patients with GUs and 25 of 28 patients with DUs were H. pylori positive. The effect of H. pylori infection on gastric motility is unclear, with many studies showing (Rokkas et al., 1987; Kao et al., 1997; Pfaffenbach et al., 1997) little direct relation between H. pylori infection and gastric motility. However, Tucci et al. (1992) reported that H. pylori-negative patients with idiopathic dyspepsia had gastric emptying times that were significantly slower than those of both H. pylori-positive patients and healthy controls. In contrast, Fock et al. (1997) reported that gastric emptying was significantly slower in H. pyloripositive dyspeptic patients than in H. pylori-negative dyspeptic patients. Correlating abnormalities in gastrointestinal motility with the onset and recurrence of ulcers and with H. pylori infection requires further investigation.
In conclusion, disturbed gastric myoelectrical activity was detected in patients with recurrent GU and DU, and this abnormal activity was suggested to play an important role in the pathophysiology of recurrent GU rather than DU.
